We report the results of a clinical trial. Patients enrolled had serum IgG titres against Pseudomonas aeruginosa above the control range. Assignment to the observation or treatment group was by minimisation. Significant signs or symptoms in any patient prompted antipseudomonal treatment. In addition, the treatment group received antipseudomonal treatment at intervals of four months until the serum IgG titre returned to the control range. P aeruginosa was isolated intermittently from patients in the main trial. Nineteen patients were enrolled (12 observation, seven treatment). After one year in the trial changes in parameters studied, including forced expiratory volume in one second, IgG titre, serum IgG concentrations, and frequency of P aeruginosa isolation had improved in the treated group and worsened in the observation group.
Pulmonary infection with Pseudomonas aeruginosa is an important cause of morbidity and mortality in patients with cystic fibrosis.' Once the organism has become established in the lungs it is never completely eradicated, even after aggressive antimicrobial treatment, hence the early stages of infection of the airways and lungs are important.
In the past, there were two major problems associated with assessing the presence and severity of the early stages of infection: first, the significance of a few intermittent isolations of P aeruginosa was unclear. Secondly, there were no consistent changes in any clinical or immunological parameter until infection became chronic and ineradicable, so it was not always clear whether treatment was necessary and, if given, whether it had been beneficial.
Measurement by enzyme linked immunoadsorbent (ELISA) of serum IgG antibodies specific for P aeruginosa seemed to overcome these problems. In chronically infected patients the IgG titre correlated significantly with clinical measures of the severity of infection and the response to treatment.' Furthermore, an increase in titre, to above the control range, preceded isolation of the organisms in the majority of patients.3 " It is possible that antibiotic treatment given to patients in the early stages of pseudomonal infection, indicated only by a rise in antibody titres to above control values, may be effective in eradicating P aeruginosa, and preventing or delaying the onset of pseudomonal infection.
This study was designed to determine the effect of antipseudomonal treatment on patients with raised serum IgG titres and intermittent isolations of the organism.
Patients and methods

PATIENTS
All patients attended the paediatric and adult cystic fibrosis clinics at our hospital. The criteria for entry were patients who had P aeruginosa isolated from respiratory cultures and who had a modest increase in serum IgG titre . Patients with chronic symptomatic chest infection associated with high titres (>2000) and patients on corticosteroid treatment or nebulised antipseudomonal antibiotic treatment were excluded from entry.
Patients were assigned to a treatment or observation arm in each trial. Allocation was done by minimisation' after stratification for age (0-10 years, 11-20 years, >20 years), sex (male, female), Shwachman score (<70, 70-85, 86-100)6 and Chrispin-Norman score (0-10, 11-20, >20)7 TRIAL 
PROTOCOL
In the treatment group patients received a course of intravenous antibiotics for two weeks on entry to the trial.8 Normally, a combination of tobramycin and a ureido-penicillin was used but in cases of resistance to these antibiotics an alternative was used, for example ceftazidime. Courses of intravenous antibiotics were repeated every four months until the IgG titre returned to the control range. If the IgG titre returned to the control range after treatment, the titre was checked every two months. If the titre subsequently rose to values above the control range, a two week course of intravenous antibiotics was given immediately and repeated at intervals of four months until the titre returned to the control range.
In the observation group patients received their usual treatment for cystic fibrosis which includes long term antistaphylococcal treatment, regular physiotherapy, high energy diet, and supplements ofpancreatic enzymes and vitamins.
If significant symptoms developed in any patient in the study, which were considered to be associated with P aeruginosa infection, appropriate intravenous treatment was given according to our standard regimen. The proportion of respiratory cultures that were positive for P aeruginosa in the observation group increased from 62% in the three months immediately preceding entry to 93% in the period 12 months after entry. The proportion of pseudomonal isolates which were mucoid increased from 14% to 390/o in the same period. In contrast, the proportion of cultures which were positive for P aeruginosa and the proportion of pseudomonal isolates which were mucoid remained essentially unchanged in the treated group. After one year the proportion of P aeruginosa positive cultures and the proportion of mucoid isolates were significantly lower in the treated than the observation group (p<0-001 and p<0O 10 respectively).
Discussion
This trial was designed to test our preliminary findings that an increased antipseudomonal antibody titre was an early sign of pseudomonal infection of the respiratory tract which, in many patients with cystic fibrosis, precedes isolation of the organism from the respiratory tract." It was also designed to determine whether very early antipseudomonal treatment (that is before the organism has been isolated and during the first few months of its isolation) would delay the clinical deterioration associated with pseudomonal infection. We therefore excluded patients who had an IgG titre of > 2000 as earlier studies suggested that by this stage infection was chronic and irreversible.2" Treated patients have progressed better than the observation group in every parameter studied. There was a significant difference during the study period in changes in the treated and observation groups in serum IgG titre, FEVI, serum IgG concentrations, and in the proportion of pseudomonas positive respiratory cultures.
We conducted a similar trial with patients from whom P aeruginosa had not yet been isolated but who had specific antibody titres greater than the control range. These patients were normally asymptomatic and respiratory cultures normally grew no pathogens. The Chrispin-Norman x ray scores were 80-95 (mean 88) and 90-95 (mean 93) in the observation and treated groups respectively. FEV, (% predicted) was 65-116 (mean 86) and 79-88 (mean 83) in the observation and treated groups respectively.
Patients in this second trial were initially in a very good clinical state and changes in clinical parameters were small during the study period, so differences between the observation and treated groups were not statistically significant. There was, however, a similar pattern to that seen in the larger trial: a deterioration in the observation group and improvement or no change in the treated group. After six months in the trial, serum IgG antipseudomonal titres had increased in the observation group to 360-700 (mean 374) from 300-540 (mean 327) on entry but had decreased slightly in the treated group to 187-320 (mean 260) from 273-350 (mean 296) on entry.
The need for regular venepuncture to check antibody titres caused distress among some of the patients. Future monitoring of values could be done by finger prick sampling which has been shown to be adequate for detecting serum IgG to antibodies to P aeruginosa and may be more acceptable to some parents and patients.'0 Admissions for courses of intravenous antibiotic treatment, particularly in relatively well patients, inevitably caused some disruption to family life. The oral antipseudomonal antibiotic ciprofloxacin became available during the study and was a major factor leading to the premature discontinuation of these trials. Ciprofloxacin has been shown to be as effective as a course of intravenous antibiotics in one study,"I while other work shows ciprofloxacin to be comparable in mildly affected patients but less effective in severely affected patients. 2 This trial has confirmed the value of IgG antipseudomonal antibody measurement in monitoring the development and treatment of patients with cystic fibrosis with early respiratory infection. Early and repeated antipseudomonal antibiotic treatment appears to be beneficial for these patients. We intend to continue monitoring antibody titres in our patients and treating early infection with courses of oral antipseudomonal antibiotics.
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